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Summary

 

Our study investigated the immunomodulatory activities of human plasma-
derived serum immunoglobulin (Ig)A. Previous findings seem contradictory
indicating either pro- or anti-inflammatory activities. We used serum IgA
purified from large plasma pools and studied the modulation of the release of
cytokines and chemokines from resting and lipopolysaccharide (LPS, endo-
toxin)-stimulated human adherent monocytes and human peripheral blood
mononuclear cells (PBMC). Our results indicate that IgA down-modulates
the release of the pro-inflammatory chemokines monocyte chemoattractant
protein (MCP) 1, macrophage inflammatory protein (MIP) 1aaaa

 

 and MIP1

 

b

 

from LPS-stimulated PBMC and the release of MCP1, MIP1

 

a

 

 and MIP1

 

b

 

from LPS-stimulated monocytes. Furthermore, we confirmed previous
reports that plasma-derived serum IgA down-modulates the release of the
pro-inflammatory cytokines, interleukin (IL)-6 and tumour necrosis factor
(TNF)-

 

a

 

, from LPS-stimulated monocytes and PBMC, and up-regulates the
release of IL-1 receptor antagonist (IL-1RA) from resting and LPS-stimulated
monocytes and resting PBMC. This IgA-mediated up-regulation of IL-1RA is
independent of the simultaneous up-regulation of IL-1bbbb

 

 release, as shown by
blocking the biological activity of IL-1

 

b

 

 with a neutralizing antibody. On the
other hand, we also found an IgA-induced pro-inflammatory activity, namely
IgA-mediated up-regutation of the release of pro-inflammatory IL-1

 

b

 

 as well
as down-regulation of the anti-inflammatory cytokines IL-10 and IL-12p40
from LPS-stimulated monocytes and PBMC and a down-regulation of trans-
forming growth factor (TGF)-

 

b

 

 from resting and LPS-stimulated PBMC. We
conclude that human serum IgA has both an anti-inflammatory and a
pro-inflammatory capacity and this dual capacity might contribute to the
feedback mechanisms maintaining a balance between pro-inflammatory and
anti-inflammatory activities.
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Introduction

 

Immunoglobulin (Ig) A is the most abundant immunoglo-
bulin in mucosal tissue and second most abundant Ig in the
circulation. More IgA is produced in humans than all other
types of immunoglobulins together (66 mg/kg/day) [1,2].

There are two IgA subclasses, which occur in monomeric
or polymeric forms. Serum IgA is primarily produced by
plasma cells in the bone marrow, lymph nodes and spleen
and occurs predominantly as a monomeric IgA class 1.

Secretory IgA is synthesized locally and occurs in a poly-
meric, mostly dimeric, form with similar levels of IgA sub-
classes 1 and 2 [1,3–7].

The main role of secretory IgA, as well documented, is to
inhibit bacterial attachment and neutralize viruses in
mucosal tissue. In addition IgA, but not IgG, is translocated
across epithelial tissue and can neutralize viruses intracellu-
larly. This indicates that IgA is the first line of defence in the
mucosal compartment [3,8]. Secretory IgA is generally con-
sidered to be a noninflammatory antibody because it does
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not trigger inflammatory processes when it binds to antigens
[2,9,10], although contrary results have also been published
[11].

Recent studies have shown that intact native human IgA
when complexed with antigen fails to activate complement
by either the classical or the alternative pathway [12,13] and
even inhibits complement activation by IgM and IgG anti-
bodies [13,14]. On the other hand under certain circum-
stances complement factors and receptors seem to play a part
in IgA-mediated triggering of cellular effector functions
[15,16].

In humans, the induction of IgA-mediated cellular effec-
tor functions requires interaction with specific Fc receptors
(Fc

 

a

 

R) on the cell surface, five of which have been identified
in humans [17]. The most important receptor, Fc

 

a

 

RI
(CD89), is constitutively expressed on myeloid cells includ-
ing monocytes, neutrophils, eosinophils, macrophages, as
well as monocyte-derived dendritic cells and Kupffer cells
and can be up-regulated by certain cytokines [18–23]. Acti-
vation of cells via Fc

 

a

 

RI is a key factor in immunological
defence because it mediates cytokine release, degranulation,
respiratory burst and phagocytosis. The receptor, a hetero-
geneously glycosylated protein, binds serum and secretory
IgA, in both monomeric and polymeric forms, and both IgA
subclasses [5,21]. Signalling is mediated through an associ-
ated 

 

g

 

 subunit [24]. Although all IgAs bind to Fc

 

a

 

RI, the
response seems to be influenced by the type because serum
IgA triggers phagocytosis and respiratory burst in PMN but
secretory IgA does not. This supports the concept of secre-
tory IgA as a noninflammatory immunoglobulin on the one
hand and also the reports of the pro-inflammatory capacity
of the serum IgA on the other. The role of serum IgA is, how-
ever, still not fully understood and contradictory reports
have been published.

Unprimed monocytes have been shown to secrete pro-
inflammatory interleukin (IL)-1

 

b

 

, tumour necrosis factor
(TNF)-

 

a

 

, IL-6, IL-8, prostaglandin E

 

2

 

 and leukotrienes C

 

4

 

,
B

 

4

 

 following cross-linking of CD89 with IgA containing
immune complexes or anti-CD89 monoclonal antibodies
[2,25–27]. Other reports have, however, shown an anti-
inflammatory effect of IgA on human monocytes; Fc

 

a

 

-
mediated down-regulation of the pro-inflammatory cytok-
ines IL-6 and TNF-

 

a

 

 release from endotoxin-stimulated
monocytes and furthermore a Fc

 

a

 

-mediated release of IL-1
receptor antagonist (IL-1RA) on resting as well as and on
stimulated monocytes [28,29]. These contradictory reports
may be due to different activation levels of the monocytes: a
dual function of IgA has been shown for neutrophils; an
inhibition of phagocytosis in resting and an enhancement in
activated cells [30].

Against this background of apparently inconsistent
reports we investigated the influence of purified plasma-
derived serum IgA on resting and endotoxin-activated
human adherent monocytes and human peripheral blood
mononuclear cells (PBMC).

 

Materials and methods

 

Human plasma-derived serum IgA preparations

 

Human serum IgA was prepared from a large plasma pool
(Cohn fractions II and III) [31] by ethanol precipitation and
cation-exchange, followed by anion-exchange chromatogra-
phy. Two different lots: numbers 582 and 593 were prepared.
Lot 593 was further purified by re-chromatography on the
anion-exchange resin using lot 582 as a starting material.

The molecular size distribution, determined by high-
performance liquid chromatography (HPLC), revealed an
IgA monomer content of 

 

>

 

 80%. The IgA, IgG and IgM
amount, further the amount of transferrin, albumin and 

 

a

 

2

 

-
macroglobulin as well as the IgA subclass distribution was
determined by quantitative ELISA.

To determine the endotoxin content in the IgA-products
we used the kit Toxicolor (Medac, Hamburg, Germany),
based on the chromogenic determination of Limulus Amoe-
bocytes Lysate (LAL).

We compared commercially available polyvalent human
serum IgG preparation for intravenous use (Endobulin, Bax-
ter AG, Vienna, Austria), obtained from a large plasma pool
(Cohn fractions II and III), with plasma-derived serum IgA.
The preparation was stored lyophilized in aliquots at 

 

+

 

4

 

∞

 

C
and dissolved immediately before use.

 

Preparation of human peripheral mononuclear cells and 
monocytes

 

Human PBMC were isolated from heparinized blood (8·9 IU
of preservative-free heparin per millilitre) from healthy
donors by Lymphoprep (Nycomed Pharma, Oslo, Norway)
density gradient purification [32]. The cells from the inter-
face were collected and washed three times in phosphate-
buffered saline (PBS, Gibco-Invitrogen, UK). After the last
washing step the cells were resuspended in RPMI 1640
medium, supplemented with 50 

 

m

 

g/ml gentamycine, 2 m

 

m

 

/l

 

l

 

-glutamine (all from Gibco-Invitrogen) and 10% of pre-
screened, heat-inactivated (30 min 56

 

∞

 

C) human AB serum
(ICN Biomedicals, Irvine, CA, USA). This medium is
referred to as RPMI-AB. For the preparation of monocyte
monolayers, PBMC were incubated in 24-well tissue culture
plates (Falcon 3047; Becton Dickinson, Lincoln Park, NJ,
USA) at a concentration of 1 

 

¥

 

 10

 

6

 

/ml/well in RPMI-AB
medium. After incubation at 37

 

∞

 

C, 5% CO

 

2

 

 and 95% relative
humidity for 90 min, the nonadherent cells were removed
and the adherent cell monolayers were washed two times in
RPMI 1640.

 

Stimulation of peripheral mononuclear cells and 
monocytes

 

The induction of cytokine release was based on the method
described by Wolf 

 

et al

 

. [28]. The adherent monocytes were
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incubated overnight in RPMI-AB medium to reduce back-
ground nonspecific cytokine production and subsequently
washed two times. The number of adherent cells, determined
by  gently  scrapping  cells  from  the  plate with a cell
scraper  and  counting  with  a  Coulter  Counter,  averaged
2·6 

 

±

 

 0·5 

 

¥

 

 10

 

5

 

 cells/well.
The monocytes were stimulated for 24 h with

lipopolysaccharide (LPS) with or without serum IgA in
RPMI 1640 supplemented with gentamycine and 

 

l

 

-
glutamine as described above and containing 1% human
serum albumin for intravenous medication supplied by Bax-
ter AG, Vienna, Austria (RPMI-HSA). IgA (or for compari-
son human IgG) was used at a final concentration of 10 mg/
ml. We used LPS purified from 

 

Escherichia coli,

 

 strain
0111:B4, sterilized by 

 

g

 

 irradiation (no. L-4391, Sigma
Chemical Co., St Louis, MO, USA), in a final concentration
of 100 ng/ml. Unstimulated monocytes were cultured in
medium RPMI-HSA alone.

In selected experiments IgA was used in a range of con-
centrations between 0·1 and 10 mg/ml. Kinetic experiments
on cytokine release were done after 24, 48 and 72 h of incu-
bation. The maximum cytokine secretion of LPS-stimulated
cells was found for most cytokines after 24 h of incubation
(data not shown). Therefore incubation was maintained for
24 h in all experiments. The cells supernatants were col-
lected at the end of the incubation, centrifuged for 3 min at
9000 

 

g

 

 to remove cellular material, then frozen in aliquots at

 

-

 

70

 

∞

 

C. The cytokine release was measured by quantitative
cytokine ELISAs using commercially available kits as
described below.

 

LPS prestimulation experiments

 

The adherent monocyte cultures were prestimulated with
LPS (100 ng/ml) for 3 h. The LPS was then removed from the
culture by extensive washing with RPMI medium. Subse-
quently IgA (10 mg/ml) or RPMI-HSA alone (control) was
added to the system and the cells cultured for a further 21 h.
After a total incubation time of 24 h the supernatants were
collected and cytokine release determined by ELISA.

 

IL-1bbbb

 

 neutralization assay

 

An anti-human IL-1

 

b

 

 monoclonal antibody tested for its
ability to neutralize the biological activity of human IL-1

 

b

 

(clone: 8516, R & D Systems, Mineapolis, MN, USA) was
added to the monocyte cultures at the same time point as
LPS and IgA. Two concentrations of the antibody were used:
3·0 and 1·0 

 

m

 

g/ml. The cultures were cultivated for 24 h as
described above.

 

PBMC stimulation experiments

 

The human mononuclear cells were isolated from human
peripheral blood by density gradient centrifugation as

described above, and immediately afterwards stimulated
with LPS (100 ng/ml) with or without IgA (10 mg/ml) in
RPMI-HSA medium in 24-well culture plates at a final con-
centration of 1 

 

¥

 

 10

 

6

 

/ml/well. After stimulation for 24 h the
cell supernatants for cytokine measurement were collected as
described above. Unstimulated PBMC were cultured in
medium RPMI-HSA alone.

 

Measurement of the cytokine release

 

The cytokine release was measure by quantitative cytokine
ELISAs using commercially available kits: IL-1RA Quan-
tikine Immunoassay, IL-12p40 Quantikine Immunoassay,
MCP1 Quantikine Immunoassay, MIP1

 

a

 

 DuoSet ELISA,
MIP1

 

b

 

 DuoSet ELISA, TGF-

 

b

 

 DuoSet ELISA (all from R
& D Systems, Mineapolis, MN, USA); IL-1

 

b

 

-OptEIA Set,
TNF-

 

a

 

-OptEIA Set, IL-10-OptEIA Set, IL-6-OptEIA Set
(all from BD Pharmingen, San Diego, CA, USA). The
manufacturers’ instructions for the assays were followed,
and the results expressed in pg/ml and calculated from a
standard curve obtained by linear regression analysis of
the log transformation of the optical density on the 

 

y

 

-axis

 

versus

 

 the log of the standards concentrations on the 

 

x

 

-
axis.

 

Statistical analysis

 

In all experiments we used at least three donors. Each rep-
resentative result was obtained from triplicate cultures from
a single donor. Results are expressed as means 

 

±

 

 standard
deviation (SD) and were compared using unpaired two-
tailed Student’s 

 

t

 

-test. A difference between two groups was
considered to be significant if 

 

P

 

 

 

<

 

 0·05.

 

Intra-assay variation

 

We validated our assays for intra-assay variation. Twelve rep-
licate samples were analysed in all ELISA systems and the
coefficient of intra-assay variation was calculated using the
following equation:

The calculated intra-assay variations were as follows:
IL-1RA immunoassay: %CV 

 

=

 

 6·9;
IL-12p40 immunoassay: %CV 

 

=

 

 5·2;
MCP1 immunoassay: %CV 

 

=

 

 7·0;
MIP1

 

a

 

 immunoassay: %CV 

 

=

 

 3·3;
MIP1

 

b

 

 immunoassay: %CV 

 

=

 

 6·1;
TGF-

 

b

 

 immunoassay: %CV 

 

=

 

 8·5;
IL-1

 

b

 

-OptEIA %CV 

 

=

 

 7·0; TNF-

 

a

 

-OptEIA %CV 

 

=

 

 4·6;
IL-10-OptEIA %CV 

 

=

 

 3·4; IL-6-OptEIA %CV 

 

=

 

 5·4.

CV
SD of arithmetic mean

arithmetic mean of the cytokine
concentration of 12 samples

intra-assay = ¥100
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Results

 

Characterization of serum IgA preparations

 

The final IgA products (two different lots of IgA from the
same  plasma  pool)  contained 

 

≥

 

 90%  IgA, 

 

<

 

1·9%  IgG  and

 

<

 

0·5% IgM (Table 1). The IgA subclass distribution corre-
sponded to that found in serum (IgA1, 73 and 74%; IgA2, 27
and 26%). Both IgA preparations contain traces (

 

<

 

0·05%) of
transferrin, albumin and 

 

a

 

2

 

-macroglobulin, as determined
by quantitative ELISA. The molecular size distribution,
determined by HPLC, revealed an IgA monomer content of

 

>

 

80%.

 

Modulation of TNF-aaaa

 

, IL-6, IL-1bbbb

 

 and IL-1RA by serum 
IgA

 

Monocytes release a range of pro-inflammatory cytokines
when stimulated with LPS from Gram-negative bacteria
[33–35]. We found that human serum IgA, but not human
serum IgG, significantly down-regulated the release of the
pro-inflammatory cytokines IL-6 and TNF-

 

a

 

 from LPS-
stimulated monocytes and PBMC in a dose-dependent
manner. At the same time IgA up-regulated the release of
TNF-

 

a

 

 in resting monocytes and PBMC (Fig. 1).
Furthermore in resting monocytes and PBMC, IgA

induced IL-1RA production in a dose-dependent manner
(Figs 2 and 3a). A significant IgA-mediated enhancement
could also be shown in LPS-activated monocytes, but IgA

 

Table 1.

 

Characterization of Plasma-derived IgA

 

.

 

IgA preparation 

no. 582

(% of IgA)

IgA preparation  

no. 593 

(% of IgA)

IgA1 73 74

IgA2 27 26

IgG 1·9 1·6

IgM 0·4 0·2

Transferrin

 

<

 

0·05 <0·05

Albumin <0·05 <0·05

a2-macroglobulin <0·05 <0·05

Aggregate 3·8 5·7

Oligo/dimer 10·1 13·8

Monomer 84·5 80·2

Endotoxin LAL: <0·2 EU/mg IgA <0·5 EU/mg IgA

Endotoxin LAL: HSA: <0·3 EU/ml.

Endotoxin LAL: IgG (Endobulin): <0·2 EU/mg.

Fig. 1. Modulation of TNF-a and IL-6 by serum IgA (10 mg/ml). The results are arithmetic means from triplicate cultures ± SD (n = 3) stimulated 

for 24 h (representative results from one blood donor). Monocytes and PBMC were stimulated with LPS alone ( ), or with LPS in the presence of 

serum IgA Lot 582 ( ). To estimate the influence of IgA on resting monocytes or on resting PBMC the cells were incubated with IgA alone Lot 582 

( ). Control cells were cultured in medium (Med) alone (�). Statistically significant differences between either IgA-treated versus control cultures or 

IgA + LPS-treated versus LPS alone denoted as: *P < 0·05, **P < 0·01, ***P < 0·001.
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showed no influence on IL-1RA production in LPS-
stimulated PBMC. Moreover, parallel to IL-1RA release IgA
induced a dose-dependent induction of IL-1b release. To
exclude the possibility that IgA-induced up-regulation of
IL-1RA is the consequence of this IgA-induced up-regulation
of IL-1b rather than a direct FcaR-mediated effect we neu-
tralized the IL-1b activity by a monoclonal antibody. We
found that the up-regulation of IL-1RA release by serum IgA
occurs independently of IL-1b release in resting as well as
LPS-stimulated monocytes (Fig. 3b).

However, this effect seems not to be unique to IgA
because human serum IgG also induced an enhancement
of the release of both IL-1RA and IL-1b (data not shown).

Modulation of anti-inflammatory cytokines IL-10, 
IL-12p40 and transforming growth factor (TGF)-bbbb by 
serum IgA

Human serum IgA (Fig. 4) and also serum IgG (data not
shown) down-regulated the release of the anti-inflammatory
cytokines IL-10 and IL-12p40 from LPS-activated mono-
cytes and PBMC in a dose-dependent manner. IL-12p40 was
recently proved to be an antagonist of pro-inflammatory

IL-12p70 [36,37] and so regarded as an anti-inflammatory
cytokine. Intact IL-12p70 release was under the detection
limit of ELISA. IgA also down-regulated the release of anti-
inflammatory TGF-b in LPS-stimulated and resting PBMC.
In monocytes TGF-b release was under the detection limit of
ELISA.

Soluble TNF receptors, I and II, have been shown to bind
circulating TNF-a and inhibit its biological activity [38,39].
We evaluated the possible influence of serum IgA on the
release of these soluble receptors but no modification by IgA
could be found in our system (data not shown).

Modulation of the chemokines monocyte 
chemoattractant protein 1 (MCP1) and macrophage 
inflammatory protein 1 alpha (MIP1aaaa) and beta 
(MIP1bbbb) by IgA

Serum IgA, but not serum IgG, decreased the release of the
pro-inflammatory monocyte-derived chemokines, MIP1a,
MIP1b and MCP1 in LPS-activated monocytes and PBMC
(Fig. 5). Under resting conditions (without LPS-stimula-
tion), however, IgA increased the chemokines release in both
monocytes and PBMC.

Fig. 2. Modulation of IL-1b and IL-1receptor antagonist by serum IgA (10 mg/ml). The results are arithmetic means from triplicate cultures ± SD 

(n = 3) stimulated for 24 h (representative results from one blood donor). Monocytes and PBMC were stimulated with LPS alone ( ), or with LPS 

in the presence of serum IgA; Lot 582 ( ) or Lot 593 ( ). To estimate the influence of IgA on resting monocytes or on resting PBMC the cells were 

incubated with IgA alone: Lot 582 ( ) or Lot 593 ( ). Control cells were cultured in medium (Med) alone (�). Statistically significant difference 

between either IgA-treated versus control cultures or IgA + LPS-treated versus LPS alone denoted as: *P < 0·05, **P < 0·01, ***P < 0·001.
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Prestimulation of monocytes with LPS and subsequent 
removal of unbound LPS before addition of IgA to the 
culture

The pretreatment for 3 h with LPS was much less potent in
stimulating cytokine release from monocytes than continu-
ous LPS-stimulation for 24 h, as might be expected
(Fig. 6). Nevertheless serum IgA, when added to the

prestimulated cultures after LPS had been removed,
showed a similar pattern of IgA-mediated effects on the
release of cytokines as had  been  found  when  cells  were
treated  with  LPS  and IgA simultaneously for 24 h. These
results exclude the possibility that the effects which we
have found of the down-modulatory activities of IgA on
LPS-stimulated cells were simply caused by neutralization
of LPS by IgA antibodies. Such LPS neutralizing antibod-

Fig. 3. (a) Dose-dependent modulation of IL-1b and IL-1receptor antagonist by serum IgA.  Monocytes were stimulated with LPS alone ( ), or with 

LPS in the presence of serum IgA no. 582 ( ). To estimate the influence of IgA on resting monocytes the cells were incubated with IgA alone Lot 582 

( ). Control cells were cultured in medium (Med) alone (�). Statistically significant difference between either IgA-treated versus control cultures or 

IgA + LPS-treated versus LPS alone denoted as: *P < 0·05, **P < 0·01, ***P < 0·001. (b) Up-regulation of IL-1RA by serum IgA (10 mg/ml) in resting 

and LPS-activated monocytes does not depend on IL-1b. Monocytes were stimulated with LPS alone ( ), or with LPS in the presence of serum IgA 

no. 582 ( ). Resting monocytes were incubated with IgA alone Lot 582 ( ). Control cells were cultured in medium (Med) alone (�). Neutralization 

of the IL-1b activity by a monoclonal antibody (in concentrations 3 mg/ml and 1 mg/ml) shows that the IgA-mediated IL-1RA up-regulation is IL-1b 

independent.
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ies might be present in an IgA-preparation from a plasma
pool.

Discussion

Our  study  investigated  the immunomodulatory  activities
of  human  plasma-derived  serum  IgA.  Previous  studies
have produced apparently conflicting data indicating  that
IgA has either pro- or anti-inflammatory activities.

We found that human serum IgA has a dose-dependent
modulating effect over a physiologically relevant concentra-
tion range on the release of a panel of monocyte-derived
cytokines and chemokines.

Our results to some extent confirm the anti-inflamma-
tory concept of serum IgA. We could show that IgA has a
down-modulating effect on the release of the chemokines
MCP1, MIP1a and MIP1b in LPS-activated monocytes as
well as PBMC. These monocyte-derived chemokines are

Fig. 4. Modulation of IL-10, TGF-b and IL-12p40 by serum IgA (10 mg/ml). The results are arithmetic means from triplicate cultures ± SD (n = 3) 

stimulated for 24 h (representative results from one blood donor). Monocytes and PBMC were stimulated with LPS alone ( ), or with LPS in the 

presence of serum IgA: Lot 582 ( ) or Lot 593 ( ). To estimate the influence of IgA on resting monocytes or on resting PBMC the cells were incubated 

with IgA alone: Lot 582 ( ) or Lot 593 ( ). Control cells were cultured in medium (Med) alone (�). Statistically significant difference between either 

IgA-treated versus control cultures or IgA + LPS-treated versus LPS alone denoted as: *P < 0·05, **P < 0·01, ***P < 0·001.
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essential for an effective innate immune response and acute
inflammation. They stimulate migration and cell activation
of human neutrophils and basophils, and induce synthesis
of pro-inflammatory cytokines such as IL-6, TNF-a and
IL-1.

Furthermore, our findings concerning the IgA-induced
down-modulation of the release of pro-inflammatory cytok-
ines IL-6 and TNF-a from LPS-activated monocytes and
PBMC, additionally confirm the anti-inflammatory concept
of serum IgA. These mainly monocyte-derived cytokines play

a major part in cellular interactions and multiple effector
functions in both innate and adaptive immunity necessary
for effective host defence. Regulatory mechanisms are nec-
essary, however, because an exaggerated, self-amplifying
release of these inflammation mediators may result in a vari-
ety of disorders including intravascular thrombosis and lethal
septic shock [40]. Moreover, TNF-a and IL-6 are known to be
involved in the pathogenesis of chronic inflammatory disor-
ders, such as inflammatory bowel disease, rheumatoid arthri-
tis or neonatal necrotizing enterocolitis [38,41–43].

Fig. 5. Serum IgA (10 mg/ml) induced modulation of the release of chemokines: monocyte chemoattractant protein 1 (MCP1), macrophage inflam-

matory protein 1 alpha (MIP1a) and beta (MIP1b). The results are arithmetic means from triplicate cultures ± SD (n = 3) stimulated for 24 h 

(representative results from one blood donor). Monocytes and PBMC were stimulated with LPS alone ( ), or with LPS in the presence of serum IgA: 

Lot 582 ( ) or Lot 593 ( ). To estimate the influence of IgA on resting monocytes or on resting PBMC the cells were incubated with IgA alone: Lot 

582 ( ) or Lot 593 ( ). Control cells were cultured in medium (Med) alone (�). Statistically significant difference between either IgA-treated versus 

control cultures or IgA + LPS-treated versus LPS alone denoted as: *P < 0·05, **P < 0·01, ***P < 0·001.

Adherent moncytes Mononuclear cells

2500

60 000

50 000

40 000

30 000

20 000

10 000

20 000 30 000

25 000

20 000

15 000

10 000

5 000

0

15 000

10 000

5 000

0

0

60 000

50 000

40 000

30 000

20 000

10 000

0

2000

2000

1500

1500

1000

500

0

500

0

1000

MCP1

**

*

**

*

***

**

*
**

*

***

*

MCP1

C
yt

ok
in

e 
(p

g/
m

l)

Med Med
+IgA

LPS LPS
+IgA

C
yt

ok
in

e 
(p

g/
m

l)

Med Med
+IgA

LPS LPS
+IgA

C
yt

ok
in

e 
(p

g/
m

l)

Med Med
+IgA

LPS LPS
+IgA

Med Med
+IgA

LPS LPS
+IgA

Med Med
+IgA

LPS LPS
+IgA

Med Med
+IgA

LPS LPS
+IgA

MIP1aMIP1a

MIP1b MIP1b



K. Olas et al.

486 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 140: 478–490

We investigated IgA-induced modulation of the release of
a panel of anti-inflammatory cytokines: IL1RA, IL-10, IL-
12p40 and TGF-b. We found an IgA-induced dose-depen-
dent up-regulation of the release of IL-1RA in resting as well
as in activated monocytes and resting PBMC. This as well as
down-modulation of LPS-induced IL-6 and TNF-a release
by serum IgA confirms previous findings by Wolf et al. [29].
IL-1RA inhibits the pro-inflammatory activity of IL-1
through blocking the binding of IL-1 to its receptor. In con-
trast to findings by Wolf et al. [29] we found this up-regula-
tion of IL-1RA, which would contribute to an anti-
inflammatory capacity of IgA, was counteracted by parallel
IgA-induced up-regulation of IL-1b release. IL-1b itself is
known to induce IL-1RA synthesis in humans [44]. We could
show, however, that the up-regulation of IL-1RA by serum
IgA occurs independently of IL-1b release and is therefore
truly IgA-dependent.

We found some difference in the effect of IgA on the release
of IL-1RA and IL-1b between LPS-activated monocytes and
activated PBMC. IgA induced dose-dependent up-regulation
of the release of IL-1RA and IL-1b in resting as well as in acti-
vated monocytes and in resting but not in activated PBMC.
This difference might be due to the interaction of monocytes
and T- and B-specific cytokines present in activated PBMC

cultures (but not in monocyte cultures) which could influ-
ence the release of these monokines. It is also possible that the
expression of additional IgA-receptors described on activated
B cells (FCa/m) as well as on dividing T cells [45,46] could
have an influence on the results in PBMC.

On the other hand, our findings of IgA-induced down-
regulation of the LPS-induced release of anti-inflammatory
cytokines IL-10, IL-12p40 and TGF-b seem to support the
pro-inflammatory concept of serum IgA.

IL-12p40 was recently proved to be an antagonist of pro-
inflammatory IL-12p70 [36,37]. Following a down-regula-
tion of IL-12p40, an enhancement of cellular immunity can
be expected; down-regulation of multifunctional IL-10,
which inhibits activation of Th1 cells would lead to an
increase in Th1 activity and innate immunity. Although
contra-productive in an inflammatory environment, an
increase in Th1 activity might be helpful in immunological
disorders characterized by enhanced ratios of Th2 to Th1
cytokines. In patients with systemic lupus erythematosus
(SLE) an increased production of Th2 cytokines, including
IL-6 and IL-10, is considered to lead to up-regulated B-cell
activation, which typifies SLE [47–52]. Treatment with anti-
IL-10 antibodies has been shown to delay the onset of SLE
in NZB/W mice [52]. Gene therapy regulating these two

Fig. 6. Pre-stimulation of monocytes with LPS for 3 h ( ) with subsequent removal of unbound LPS before addition of IgA (10 mg/ml) for 21 h to 

the culture ( ). Monocytes were then stimulated either for 24 h with LPS alone ( ), or with LPS in the presence of serum IgA ( ). Resting monocytes 

were incubated with IgA alone Lot 582 ( ). Control cells were cultured in medium (Med) alone (�). Serum IgA, when added to the pre-stimulated 

cultures after LPS had been removed, showed a similar pattern of IgA-mediated effects on the release of cytokines to that of cells treated with LPS and 

IgA simultaneously for 24 h.
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cytokines has been discussed as a possible future therapy for
SLE [47]. The down-regulation of IL-10 and IL-6 by serum
IgA shown in our study could offer a new therapeutical
approach for SLE.

We hypothesize that the effects of serum IgA shown in our
study were triggered by FcaR. This receptor is expressed on
myeloid cells either alone or in complex with Fcg chain [53].
Signalling is via the g chain. This common activation motif
for Fca and Fcg receptors might explain our finding of some
effects of serum IgA similar to those caused by serum IgG.
We found that human serum IgG, like serum IgA, enhanced
the release of both IL-1RA and IL-1b in our system, confirm-
ing previous findings [54]. Also the down-regulation of anti-
inflammatory cytokines IL-10 and IL-12p40 occurred with
both IgA and IgG.

Nevertheless, the capacity to down-regulate the LPS-
induced release of pro-inflammatory cytokines, IL-6 and
TNF-a, and chemokines MCP1, MIP1a and MIP1b, appears
specific for serum IgA. Serum IgG caused no such effects.
This suggests that serum IgA has some specific regulatory
capacity.

Our results suggest that IgA can function in a dual manner
depending on the activation level of the cells. We found an
IgA-induced enhancement of TNF-a and MCP1 production
in monocytes and PBMC under resting conditions and a
down-regulation when cells were LPS activated. A dual func-
tion of IgA has been shown in neutrophils, with phagocytosis
inhibited in resting and enhanced in activated cells [30].

Contradictory reports of IgA-induced effects could be due
to differences between the experimental settings, cell activa-
tion levels, and molecular forms of IgA used in earlier stud-
ies. Use of soluble monomeric IgA on the one hand, or IgA in
a form that cross-links Fca receptors on the cell surface on
other hand as well as inconsistent activation levels influences
results considerably. Under noninflammatory conditions
different myeloid cell types have shown pro-inflammatory
activities in experimental settings with multivalent cross-
linking of IgA-receptors. In unprimed polymorphonuclear
neutrophils each way of cross-linking the Fca receptors,
either by heat aggeregated IgA [55], or by IgA bound to a
solid surface [56], or by cross-linking of anti-FcaR antibod-
ies by a secondary antibody [57–59], has lead to respiratory
burst and phagocytosis. IgA bound to aggarose was the most
potent stimulus for eosinophil degranulation [60]. In
unprimed monocytes and PBMC, the picture is similar.
Again each way of multivalent crosslinking of Fca receptors,
either by polymeric IgA, or by monomeric IgA bound to the
surface, or by cross-linking of anti-FcaR antibodies by a sec-
ondary antibody, has been shown to up-regulate the release
of pro-inflammatory cytokines such as TNF-a, IL-6, IL-8,
prostaglandin E2 and leukotrienes C4, B4 [25,27,61,62].
Immune complexes of IgA formed by a secondary antibody
added to serum IgA likewise dose-dependently increased
TNF-a and IL-1b production by unprimed monocytes
[62,63].

Monomeric IgA, which does not cross-link FcaR, has
however, under resting conditions, shown no such effects,
neither in monocytes nor neutrophils [61–63].

Our finding that IgA induces the release of pro-inflamma-
tory IL-1b, TNF-a, MCP1, MIP1a and MIP1b from
unprimed monocytes and PBMC under resting conditions,
confirms this pro-inflammatory view of IgA. In the light of
previous findings the up-regulation we found might be
caused by the cross-linking of FcaRs by the ‘polymeric frac-
tion’ of the serum IgA preparation. The IgA antibodies
against LPS, which might be present in our serum IgA prep-
aration and cause cross-linking of IgA in immune com-
plexes, could contribute to this effect.

The contradictory view of IgA as an anti-inflammatory
agent under pro-inflammatory conditions, however, is also
known from the literature. Purified serum IgA has been
shown to induce down-regulation of the release of pro-
inflammatory cytokines IL-6 and TNF-a from monocytes
activated by endotoxin [28]. The same investigators found
that  serum  IgA  induced  an  increase  in  IL-1RA  production
in resting and LPS-activated monocytes and a down-
regulation of IL-1b secretion in activated PBMC [29].
Soluble serum IgA purified from large plasma pools was used
in these studies but no molecular analysis of the IgA
preparation was published.

To some extent our results obtained under inflammatory
conditions (with LPS) confirm this anti-inflammatory
concept of serum IgA. We found that IgA enhanced anti-
inflammatory IL-1RA release from LPS-stimulated as well
as resting cells. Furthermore serum IgA induced down-
modulation of the pro-inflammatory cytokines, IL-6 and
TNF-a, and pro-inflammatory chemokines, MIP1a, MIP1b
and MCP1.

Our results together with those published previously indi-
cate that for the down-regulation of cytokines release under
pro-inflammatory conditions the ‘monomeric fraction’ of
serum IgA is responsible. Stimulation with LPS rapidly
enhances the expression of FcaR on human monocytes [64]
and therefore enhances the capacity of monomeric IgA,
which binds to FcaR with much lower affinity than poly-
meric forms [65], to exert its effects. This disparity in bind-
ing affinity might be the reason why the modus of IgA
activities depends on two conditions: the molecular form of
IgA and the activation level of the IgA-receptor-bearing cells.
This might explain why serum IgA can apparently act differ-
ently under different activation levels. Although predomi-
nantly monomeric, it consists of mixed molecular forms that
act differently under different activation conditions. The
molecular forms of our serum IgA preparation correlates
with that of serum IgA in the circulation. Serum IgA consists
of approximately 80% monomeric IgA, 10% J-chain-
containing dimeric IgA and, as was recently shown, 10%
covalently linked IgA-CD89 complexes containing poly-
meric IgA [66]. This polymorphic molecular form of serum
IgA might add another complexity to the role of IgA in
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immunity. Serum IgA antibodies may have different func-
tional activities depending on their molecular form, and the
activation level of cells bearing the IgA receptor. Further
studies on the effects of the various molecular fractions of
serum IgA will be necessary to clarify the picture.

In the light of our findings human serum IgA seems to
posses anti-inflammatory as well as pro-inflammatory prop-
erties. These properties might not be contradictory but
reflect a dual capacity of serum IgA that contributes to the
complicated feedback mechanisms maintaining a balance
between pro-inflammatory and anti-inflammatory activities
in human body.
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